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(54) ANIMATION GENERATING DEVICE 

(57) Abstract: 

PURPOSE: To simulate actual deformation and variations 
of motion and to easily generate a natural animation by 
generating and adding a minute quantity of random 
number data to a calculation result when the motion and 
deformation of a body are found according to a physical 
rule. 

CONSTITUTION: Animation data D2 generated by the 
animation data generation device 12 are supplied as 
animation data D1 to an animation data memory 4. When 
an animation of a figure is generated, the body is 
represented by a model consisting of, for example, a 
mass point and a spring in combination and respective 
points on the body are found by calculating the motion 
of the mass point in environment of gravitational force, 
wind force, etc.. according to the physical rule. A 
minute random number vector is added to the found new 
mass point position, thereby the natural animation image 
simulating variations is easily generated. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.* * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Table of Contents] This invention is explained in order of the following. 

The technique of the Field of the Invention former ( drawing 9 ) 

Object of the Invention ( drawing 9 - drawing 1 1 ) 

The means for solving a technical problem ( drawing 1 - drawing 8 ) 

Operation ( drawin g 1 - drawing 8 ) 

Example ( drawing 1 - drawing 8 ) 

Effect of the invention [0002] 

[Industrial Application] This invention is applied when creating the animation image showing signs that 
the body which has resiliency like "cloth" and a "curtain" in the three-dimension special effect 
equipment for broadcast swings concerning an animation listing device, and it is suitable. 
[0003] 

[Description of the Prior Art] When creating an animation image conventionally using an animation 
listing device, about each top which constitutes a series of animation images, an animator draws the 1 
top of pictures at a time, or the graphical input approach of defining the form of a graphic form and its 
change on a screen is adopted. 

[0004] That is, as shown in drawing 9 , the animation listing device 1 has image transformation 
equipment 2 about the case where the animation of cloth is made. 

[0005] This image-transformation equipment 2 is made as [ display / a television picture / on a curved 
surface / map and ], and after transforming the subject-copy image data PC 1 (image data which serves 
as a pattern of "cloth" in this case) which should be created as an animation image acquired from the 
subject-copy image memory 3 based on the animation data Dl which can be obtained from the 
animation data memory 4, it sends out output image-data PC 2 which comes to deform the image of 
cloth to an output image memory 5. 

[0006] Such animation data Dl become with the coordinate value showing the form of a certain 
instantaneous cloth, and are constituted including one or more frame data if needed. An animator creates 
this animation data by hand beforehand, or it is made as [ generate / therefore / the count which 
combined the easy function ]. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, when it is therefore going to create an animation 
image to such technique, there is a problem on which the animator which became skillful in order to 
input the pattern of each top or to determine the definition type of the form of a graphic form must do a 
complicated graphical input activity. For this problem, when it is going to make into animation a motion 
of the graphic form which is not artificial like especially a natural phenomenon, it becomes remarkable, 
and great time amount and a great effort are required for a graphical input activity, and productivity is 
wrong and**. 

[0008] In order to solve such a problem, there is an animation listing device which performs simulation 
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for a physical model by ****** computer, and creates animation. By modeling the physical property of 
a body to express by animation as faithfully as possible, and carrying out simulation by computer, by the 
approach of asking for the motion, human being can genuine article do and can make [ whether it is also 
a comb or ] it from such an animation listing device easily from the animation drawn by hand (Japanese- 
Patent-Application-No. 3-89880 [ Number ] a number and Japanese Patent Application No. 3-93392 a 
number and Japanese Patent Application No. 3-93601). 

[0009] However, in this way, in the animation listing device which performs simulation for a physical 
model by ****** computer, when simulating signs that the model of a****** body moves in an 
artificial environment, and making animation, and the coordinate value showing the location and form of 
a model takes a specific value, it may become unnatural animation artificially. 

[0010] For example, even if it uses gravity downward on a body perpendicularly lilce ** **** ****** 0 n 
the ground, it falls forever, and there is a problem in which the unnaturalness thaf ^ wrinkling )is not 
made even if it closes inside ****** and a curtain exists. 

[001 1] that is, since the force received from an environment is only gravity and repulsive force from 
Floor floor line supposing it just dropped cloth NO from a certain height perpendicularly on Floor floor 
line and the wind force is not working, drawing 10 (A) - (D) does not see and come out of the force 
which the material point receives from the field of cloth NO forever. For this reason, cloth NO is in the 
unnatural condition that it is forever shown in drawing 10 (D), without falling. 
[0012] Moreover, a curtain CO receives constraint in an one direction, the bottom of a lappet is at 
intermediary **** and the time, and the cylindrical obstruction SO is just going to move drawing 1 1 (A) 
- drawing 1 1 (D) from the way in the inner part of a screen. In this case, since the force by the 
obstruction SO was received in the same direction as the direction of constraint, the natural wri nkling 
which the force other than a field did not join the material point, and deformed in three dimension is riot 
made. 

[0013] completely in agreement with the sense of gravity, in order to avoid such unnaturalness - as - a 
program must be made so that a specific coordinate value mav be avoided, as cloth NO is not placed. 
However, such evasion is also difficult, its example of a very troublesome top and a curtain CO is still 
inadequate as a solution, and such [ in practice ] programming is ******. 

[0014] This invention was made in consideration of the above point, and tends to propose the animation 

listing device which simulates fluctuation a nd can create a natural animation image easily. 

[0015] 

[Means for Solving the Problem] When searching for actuation and deformation of the intermediary 
bodies Nl and CI in this invention although it was made the physical law in the animation listing device 
1 1 which creates the animation of the bodies Nl and CI under the environment of a physical law in 
order to solve this technical problem, a minute quantity of random-number data are generated in the 
count result, and it was made to add to it. 
[0016] 

[Function] Although it was made the physical law, in case actuation and deformation of the intermediary 
body Nl are searched for, by adding a minute quantity of random-number data to the count result, the 
fluctuation in actual deformation and actual movement is simulated, and natural animation can be 
created. 
[0017] 

[Example] About a drawing, one example of this invention is explained in full detail below. 

[0018] The animation listing device 1 1 by this invention supplies the creation animation data D2 created 

in animation data origination equipment 12 as animation data Dl to the animation data memory 4, as the 

same sign is given to a corresponding point with drawing 9 and it is shown in drawing 1 . 

[0019] the time of day when cloth continues one by one as a body which should create animation data 

origination equipment 12 as an animation image — cloth — what kind of form — the three-dimension 

coordinate value data showing whether it is intermediary **** are generated as creation animation data 

D2: " — — 

[0020] Animation data origination equipment 12 gives the environmental data Dl 1 which become by 
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the data in which it is shown in what kind of environment the cloth Nl which it is going to move 
[ strength / of gravity ] like the form of an obstruction or a location in th estrength of a wind after this is 
placedahnnt jhe cloth Nl foran anim ation display to The equ ation -of : motion arithmeticunit 22 from the 
eflvironmental data memoryz 1 , as shown in drawin g 2 K> I anHHrawing 3 . 

[0021] The equation-of-motion arithmetic unit 22 performs an operation which stands the equation of 
motion corresponding to the environmental data Dl 1 to the model showing cloth Nl, and solves this, 
and gives it to format conversion equipment 23 by using the result of an operation concerned as the 
three-dimension coordinate array data D 1 2 . 

[0022] Format conversion equipment 23 changes a three-dimension coordinate into the animation data 
of the format which image transformation equipment 2 ( drawing 1 ) can use, and supplies it to the 
animation data memory 4 by making this into the creation animation data D2. 

[0023] Therefore, the equation-of-motion arithmetic unit 22 expresses the location of each point on the 
front face of cloth Nl to the three-dimension model which therefore combines the material point MP 
with a spring SP in the shape of a grid in three dimensions, and expresses, as shown in drawing 2 . 
[0024] That is, while each lattice point (white round head) expresses the materialj 30in_ME r all the 
segments during the lattice point express the spring SP. Therefore, in the case ofthiTthree-dimension 
model, a three-dimensional body can connect a maximum of six springs SP to the one material point 
MP. 

[0025] On the other hand, like cloth Nl, in the case of a superficial body, therefore, it can express to 
connect less than four springs SP at the material point MP of a corner or an edge while being able to 
express the model of cloth Nl therefore to connect four springs SP to the one material point MP, as 
generally shown in drawing 3 . 

[0026] the three-dimension model of drawing 3 - setting - the material point MP - mass - one point - 
********„ it is the equation of motion of Newton ~ therefore, it exercises, a spring SP — the die 
length in a natural condition - an intermediary cage and Hooke's law — therefore, the force according to 
a variation rate is taken out. 

[0027] In addition, there is a ** hinge which has resiliency between [ adjacent ] springs, and it is going 
to maintain adjacent springs at the include angle of 90 degrees. Between [ on the diagonal line ] hinges, 
they are the springs concerned in this way. The force which it is going to keep at 1 80 degrees works. 
[0028] the three-dimension model of this drawing 4 « setting ~ each material point MP ~ the following 
equation of motion ~ therefore, it exercises. 
[Equation 1] 

d 2 x d x 
M +T - F (x, t ) (1) 

d t 2 d t 

[0029] It is the force which the three-dimension coordinate and t to which the mass of the material point 
MP and ** express a damping coefficient, and, as for M, x expresses the location of the material point 
MP commit to time amount here, and F commits at the material point MP. 

(1) In a formula, mass M is a constant, and it was added so that movement might converge damping 
coefficient **, and it is a constant and, therefore, it is decided in the amount which changes with time 
amount that the force F committed at the material point MP will be arrangement and the environment of 
the whole material point MP. 

[0030] In the case of this example, it is a degree type [several 2] here to the position coordinate x of the 
material point MP obtained as a result of solving (1) equation in the equation-of-motion arithmetic unit 
22 of drawing 2 . 

randoraO — unif orra_randoDi ( 0 , d ) ( 2 ) 

[Equation 3] 

randoml « uniforra_random ( 0 , d ) ( 3 ) 
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[Equation 4] 
randoro2 = 



uniform random (0, d ) 



(4 ) 



[Equation 5] 
x f = x + 



(randoroO, randoral, random 2) 



(5) 



The minute variation rate come out of and given is added, and it is considering as the new position 
coordinate xf of the material point. 

[003 1] it sets at this (2) - (5) ceremony - it is the function which generates the random number which 
uniform_random (a, b) considers a as an average, and is chosen from the range of **b, and d is the 
coordinate of the minute number of arbitration, and the material point when xf is final. 
[0032] By performing the animation creation approach repeatedly shown in drawing 5 between 1 unit 
processing times, the equation-of-motion arithmetic unit 22 perform the operation of a conversion 
location based on the environmental data Dl about all the material points MP on cloth Nl ( drawing 3 ), 
and create the animation image by which the cloth Nl which be a body soft as the result run softly 
according to environmental conditions, such as gravity and a wind force, here. 

[0033] That is, after starting processing of the animation creation approach concerned in the step SP 0 of 
drawing 5 , in a step SP 1, one sample point on the graphic form of die cloth Nl on a subject-copy 
image is chosen, and it sets to the continuing step SP 2, and the equation-of-motion arithmetic unit 22 is 
a degree type and [Equation 6]. 

F-Fs+Fh+Fd+Fg+Fv (6) 

performing ******. . a physical law — therefore, the force F committed at the material point MP of the 
sample point concerned is searched for. 

[0034] Then, in the continuing step SP 3, by performing (1) equation, the equation-of-motion arithmetic 
unit 22 searches for the new coordinate of the material point MP of the sample point concerned, and 
adds a very small random-number vector to a new coordin ate by perform ing a (2) equation -( S) 
equation in the continuingL Step-SP-4: — 

[0035] The equation-of-motion arithmetic unit 22 ends the operation of the coordinate location after the 
conversion about the sample point concerned, and the animation data memory 4 is made to memorize it 
in this way by using the result of an operation as the creation animation data D2. 
[0036] the step SP 1 above-mentioned when the aftermovement equation arithmetic unit 22 judges 
[ whether processing of all sample points was completed, and ] in a step SP 5 and a negative result is 
obtained — ******-- the operation of the coordinate location about a new sample point is started. 
[0037] After ending the operation of the coordinate location after the conversion about all the sample 
points on the graphic form of the cloth Nl on a subject-copy image like the following, the equation-of- 
motion arithmetic unit 22 ends this ****** this animation creation approach to a step SP 6 by obtaining 
an affirmation result in a step SP 5. 

[0038] Thus, the equation-of-motion arithmetic unit 22 ends transform processing of the cloth Nl for 
one sheet between 1 unit processing times, and whenever new 1 unit processing time starts the same 
transform processing as henceforth, it repeats above-mentioned processing. 

[0039] Signs that nature and cloth Nl fall on Floor floor line, and it is crowded as the force received 
from an environment noting that the wind force is not committing the animation which drops cloth Nl 
perpendicularly on the floor floor line from a certain height the same with as a result having mentioned 
above about drawing 10 (A) - drawing 10 (D) shows at drawing 6 (A) - (D) only also in the case of the 
repulsive force from gravity and Floor floor line can be expressed. 

[0040] Moreover, the same with having mentioned above about drawing 1 1 (A) - drawing 1 1 (D), by 
receiving constraint in an one direction, even when the bottom of a lappet receives the force by the 
obstruction SO in the direction as the direction of constraint where the animation by which the 
cylindrical obstruction SO moves to the intermediary **** curtain CI from the direction of [ in the inner 
part of a screen ] is the same and the force other than a field does not join the material point, signs that a 
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natnra] wrinkling arises on a curtain CI can be expressed. 

[5041]In addition, drawing 8 (A) - drawing 8 (D) can show signs that the animation of the curtain CI of 
drawing 7 (A) - drawing 7 (D) was seen from X shaft orientations, and can express signs that a natural 
wrinkling arises on a curtain CI also in this case. 

[0042] When creating the animation of a graphic form according to the above configuration, therefore, a 
body is expressed to the model which combined the material point MP and a spring SP. Movement of 
the material point [ as opposed to environments, such as gravity and a wind force, for the location of 
each point on a body ] MP to a physical law therefore, by calculating and asking and having added the 
ver y small random-number y ft ctor to the loc ation of^the nqw mat erial point M P obtained as a result The 
animation listing device w hich simulatesffluctuationj^nd can creat ea jiatural animation image eas ihiis— 
realizab le. " * " 

[0043] The animation image of various variations can be created by changing the method of how to take 
a still minuter variation rate by the ability avoiding an unnatural condition in carrying out, without 
making a complicated program, or making a wrinkling generate automatically and addition which it 
writes. 

[0044] In case an image is made automatically, without an animator's not drawing a picture by hand in 
case an animation creation activity is done as a result, or deciding the form of a graphic form, it can 
avoid producing convergence of an unnatural animation image. 

[0045] In addition, although the case where a minute random number was added in all the directions was 
described, you may make it limit the direction which replaces with this and adds a random number in an 
above-mentioned example. Incidentally, by various approaches, such as deciding [ whether a variation 
rate minute / making it more natural to carry out a variation rate only in the direction of a normal to a 
surface, if it is the case of two-dimensional cloth / is applied and ] in the magnitude of local 
deformation, or fixing magnitude of a variation rate and giving a contingency only to the sense, even if 
it adds a very small random number, the same effectiveness as an above-mentioned example is 
realizable. 

[0046] Moreover, in an above-mentioned example, although two-dimensional, i.e., are superficial, 
bodies, such as cloth and a curtain, were selected as a candidate for an animation display Not only this 
but when a three-dimension-, i.e., are three-dimensional, body is selected, the same effectiveness as an 
above-mentioned case can be acquired, in short, the activity of only an arrangement of arrangement of 
the material point, a spring, and a hinge is only done, and the body of the configuration of arbitration 
can be expressed with animation if needed. 
[0047] 

[Effect of the Invention] Although it was made the physical law, in case actuation and deformation of an 
intermediary body are searched for as mentioned above according to this invention, the animation listing 
device which simulates the fluctuation in actual deformation and actual movement, and can create 
natural animation can be realized by adding a minute quantity of random-number data to the count 
result. . 



[Translation done.] 
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